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University Honors Senior Capstone
The title of this capstone project was Systematically Developing Assessments Aligned with
the Next Generation Science Standards for Middle School Students. Science is a subject in
which many United States students struggle (Martin, Mullis, Foy, & Stanco, 2012).

New

assessments for teacher use and aligned with the Next Generation Science Standards are needed
because these content standards are significantly different and more rigorous than current K-12
science standards (Pellegrino, Wilson, Koenig, & Beatty, 2014; Quinn, Schweingruber, & Keller,
2012). This capstone project involved constructing a science assessment that focused on a wide
variety of science concepts from the life, physical, Earth, and space sciences. This assessment
had twenty-five (25) questions, and was designed with reliability, validity, and fairness in mind
(Chatterji, 2003). The test will be used in the context of my advisor’s research concerning middle
school students’ evidence-based scientific argumentation skills, an important practice in science
which improves science learning (Bricker & Bell, 2008; Driver, Newton, & Osborne, 2000;
Osborne, Erduran, & Simon, 2004). The project had no hypothesis since it focused on test
development and validation.
This assessment was administered to two (2) sixth-grade classrooms, and was aligned with
the Next Generation Science Standards for middle school students. Throughout this project, I
used multiple existing test item sources and also wrote new test items. When I developed and
validated the test, I used existing items from the following assessment programs:
a. NAEP (National Assessment of Educational Progress)
b. TIMSS (Trends in International Mathematics and Science Study)
c. PISA (Program for International Student Assessment)
d. NGSS (Next Generation Science Standards)
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e. Other State Science Assessments (Even outside of Illinois)
This science assessment focused on six (6) disciplinary core ideas from the Next
Generation Science Standards. These disciplinary core ideas are listed below along with a brief
description about what the core idea entails, the number of test questions that focused on the
specific core idea, and a sample question that the students had to answer from the assessment.
1. LS2.C: Ecosystem Dynamics, Function, and Resilience
a. Ecosystems are dynamic in nature; their characteristics can vary over time.
Disruptions to any physical or biological component of an ecosystem can
lead to shifts in all its populations.
b. There were 6 total questions related to this disciplinary core idea on the
assessment. One of the short answer questions given to the students was
“Describe two human activities that can lead to the extinction of animals.”
2. LS1.A: Structure and Function
a. In multicellular organisms, the body is a system of multiple interacting
subsystems. These subsystems are groups of cells that work together to
form tissues and organs that are specialized for particular body functions.
b. There were 4 total questions related to this disciplinary core idea on the
assessment. One of the multiple-choice questions given to the students
was “In your body, what two organs work together to make sure that
oxygen gets to all the other organs of your body?”
3. LS1.B: Growth and Development of Organisms
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a. Animals engage in characteristic behavior that increases the odds of
reproduction. Plants reproduce in a variety of ways, sometimes depending
on animal behavior and specialized features for reproduction.
b. There were 2 total questions related to this disciplinary core idea on the
assessment. One of the multiple-choice questions given to the students
was “Most birds sit on their eggs until they hatch. Which of these is the
most important reason why birds sit on their eggs?”
4. LS1.B: Growth and Development of Organisms
a. Genetic factors as well as local conditions affect the growth of the adult
plant.
b. There were 3 total questions related to this disciplinary core idea on the
assessment. One of the multiple-choice questions given to the students
was “What part of this plant helps it get the most light?” (Picture was
given to the students)
5. LS4.A: Evidence of Common Ancestry and Diversity
a. Anatomical similarities and differences between various organisms living
today and between them and organisms in the fossil record, enable the
reconstruction of evolutionary history and the inference of lines of
evolutionary descent.
b. There were 5 total questions related to this disciplinary core idea on the
assessment. One of the short answer questions given to students was
“Classify each of the eight living things listed below into one of two
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groups according to an important physical characteristic: Gorilla, Parrot,
Snake, Earthworm, Jellyfish, Sponge, Fish, and Fly.”
6. LS4.B: Natural Selection
a. Natural selection leads to the predominance of certain traits in a
population, and the suppression of others.
b. There were 5 total questions related to this disciplinary core idea on the
assessment. One of the multiple-choice questions given to the students
was “A predator is an animal that feeds on other animals. Which of these
is a predator?”
The twenty-five question test (see Appendix) was administered to fifty-four sixth-grade
students in two classes. I conducted an item analysis to examine descriptive statistics for
responses to each of the twenty-five questions. This provided information about students’
mastery of the content as well as the quality of the test.
Table 1
Item Analysis Results

Item

N

Min.

Max.

Mean

Std.
Deviation

Corrected
Item-Total
Correlation

Cronbach's
Alpha if Item
Deleted

Question #1
Question #2
Question #3
Question #4
Question #5
Question #6
Question #7
Question #8
Question #9

54
54
54
54
54
54
54
54
54

1
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1

1.00
0.76
0.85
0.94
0.78
0.85
0.96
0.48
0.37

0.00
0.43
0.36
0.23
0.42
0.36
0.19
0.50
0.49

0.00
0.36
0.48
0.31
0.26
0.35
0.54
-0.03
0.09

0.54
0.50
0.49
0.52
0.52
0.51
0.52
0.56
0.54
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Question #10
Question #11
Question #12
Question #13
Question #14
Question #15
Question #16
Question #17
Question #18
Question #19
Question #20
Question #21
Question #22
Question #23
Question #24
Question #25

54
54
54
54
54
54
54
54
54
53
53
53
53
52
52
52

0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0

6
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2

0.83
0.74
0.74
0.98
0.28
0.67
0.67
0.98
0.39
0.53
0.30
1.68
2.00
0.83
1.73
1.42

0.38
0.44
0.44
0.14
0.45
0.48
0.48
0.14
0.49
0.50
0.46
0.58
0.00
0.81
0.49
0.75

0.14
0.02
0.31
0.00
0.26
0.40
0.02
0.00
0.00
0.02
0.08
-0.02
0.00
0.24
0.41
0.08

0.53
0.55
0.51
0.54
0.51
0.49
0.55
0.54
0.55
0.55
0.54
0.56
0.54
0.52
0.49
0.56

Overall, the two classes combined mastered three out of the six Next Generation Science
Standards disciplinary core ideas that this assessment focused on (one class mastered four out of
the six). This assessment contained a possible thirty points through both multiple-choice and
short answer questions. In relation to the possible thirty points that the students could have
earned, both six-grade classes scored an overall class mean above twenty. There were several
disciplinary core ideas that the students have mastered such as NGSS LS4.B: Natural Selection,
NGSS LS1.B: Growth and Development of Organisms, NGSS LS4.A: Evidence of Common
Ancestry and Diversity, and NGSS LS1.B: Growth and Development of Organisms. There were
also a few disciplinary core ideas that the students struggled with such as NGSS LS1.A:
Structure and Function, NGSS LS1.B: Growth and Development of Organisms specifically the
reproductive features of a plant, and NGSS LS2.C: Ecosystem Dynamics, Functioning, and
Resilience (only one class).
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The item analysis also looked at item discriminations (correlations between the item
scores and the overall test scores). I could not look at discrimination for questions 1 and 22
because all students answered them correctly. For the other 23 items, item discriminations
ranged from -.03 to .54. Twelve of the items had discriminations less than .2 (questions 8, 9, 10,
11, 13, 16, 17, 18, 19, 20, 21, and 25) suggesting that these items might be measuring something
different than the rest of the test items. I also examined the reliability (internal consistency) of
the scores and found that Cronbach’s alpha (α) estimate of score reliability was .54 (Cronbach,
1951). This reliability is less than .7 which means additional work should be done to improve the
reliability of the test. One possible interpretation of these findings is that the test measures
multiple, distinct constructs which is reasonable given that it was designed to measure six
different disciplinary core ideas.
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Appendix
The Developed Test

Included in this appendix is a Table 2 representing each of the six disciplinary core ideas
(DCI) within the Next Generation Science Standards, and the specific questions associated with
each individual DCI. In addition, I have included the actual assessment I administered to the
students.
Table 2
Label of Questions
Next Generation Science Standard
Disciplinary Core Idea

Associated Question Number

LS2.C: Ecosystem Dynamics, Function, and
Resilience
Ecosystems are dynamic in nature; their
characteristics can vary over time. Disruptions
to any physical or biological component of an
ecosystem can lead to shifts in all its
populations.

#2, #8, #15, #19, #21, and #25

LS1.A: Structure and Function
In multicellular organisms, the body is a
system of multiple interacting subsystems.
These subsystems are groups of cells that work
together to form tissues and organs that are
specialized for particular body functions.

#3, #9, #18, and #20

LS1.B: Growth and Development of
Organisms
Animals engage in characteristic behavior that
increases the odds of reproduction. Plants
reproduce in a variety of ways, sometimes
depending on animal behavior and specialized
features for reproduction.

#4, and #14
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LS1.B: Growth and Development of
Organisms
#5, #10, and #22
Genetic factors as well as local conditions
affect the growth of the adult plant.
LS4.A: Evidence of Common Ancestry and
Diversity
Anatomical similarities and differences
between various organisms living today and
between them and organisms in the fossil
record, enable the reconstruction of
evolutionary history and the inference of lines
of evolutionary descent.

#6, #11, #13, #17, and #24

LS4.B: Natural Selection
Natural selection leads to the predominance of
certain traits in a population, and the
suppression of others.

#1, #7, #12, #16, and #23

Sixth-Grade Science Assessment

Life Science Test
For the following multiple choice questions, please circle the correct answer.
1. A predator is an animal that feeds on other animals. Which of these is a predator?
a. Deer
b. Wolf
c. Cow
d. Goat
2. Some students were studying the lie cycle of mosquitoes. They learned that mosquito larvae and
pupae spend part of their time at the surface of water. The students wanted to find out how a
larva and pupa behaved when the jars they were in were disturbed. They put one larva and one
pupa in identical tall jars of water at 20°C as shown below.
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The students tapped on the jars when the larva and pupa were at the surface of the water. The larva and
pupa dove down into the jars, and then slowly came to the surface. The students measured the depth
each larva and pupa reached and the amount of time each stayed underwater. They students repeated
this step five times and calculated the average of each of their measurements. The results are
summarized in the table below.

Larvae have a breathing tube and must come to the surface of the water to breathe. If a layer of an oily
substance completely covers the surface of the water for several days, what will most likely happen to
the larva?
a. It will not survive because of lack of fresh food sources.
b. It will not survive because of lack of oxygen.
c. It will skip the pupa stage and hatch immediately to break out of the water.
d. It will hold its breath until the oily substance naturally breaks down in the water.
3. In your body, what two organs work together to make sure that oxygen gets to all the
other organs of your body?
a. Lungs and kidneys
b. Heart and lungs
c. Brain and kidneys
d. Heart and liver
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4. Most birds sit on their eggs until they hatch. Which of these is the most important reason
why birds sit on their eggs?
a. To keep the eggs inside the nest
b. To keep the eggs warm
c. To protect the eggs from the wind
d. To protect the eggs from the rain
5. Plants use energy directly from the Sun. What do they use the energy from the Sun for?
a. To make food
b. To disperse seeds
c. To fertilize the soil
d. To prevent insect damage
6. What do birds, bats, and butterflies have in common?
a. Feathers
b. Hair
c. Internal skeleton
d. Wings
7. A green tree frog lives in a forest. How does the frog’s green color help it to survive?
a. By helping the frog find other frogs
b. By keeping the frog cool
c. By making the frog hard to see when sitting on leaves
d. By allowing the frog to make its own food
8. Which living things in the pond system break down dead plants and animals?
a. Green algae
b. Bacteria
c. Rushes
d. Frogs
9. In humans, where does the absorption of food into the blood stream mainly take place?
a. Stomach
b. Mouth
c. Large intestines
d. Small intestines
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10. Look at the banana plant shown below.

What part of this plant helps it get the most light?
a. Green fruit
b. A peeling, thick stem
c. Wide, long leaves
d. Brightly colored flowers
11. Which group of animals contains ONLY reptiles?
a. Lizard, frog, and snake
b. Turtle, lizard, and crocodile
c. Octopus, snail, and turtle
d. Crab, earthworm, and snake
12. A hedgehog is a small spiny animal. When it is frightened it rolls into a ball. How does
tis behavior help the hedgehog?
a. The hedgehog can roll away quickly.
b. The hedgehog looks larger rolled up.
c. The hedgehog is harder to see in a ball.
d. The hedgehog’s soft body parts are covered.
13. Cats are most closely related to which of the following animals?
a. Crocodiles
b. Whales
c. Frogs
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d. Penguins
14. Which two numbers in the picture below of a flower show the male and female parts?

a.
b.
c.
d.

1 and 2
2 and 3
2 and 4
3 and 4

15. If air pollution causes the rain that falls on a pond to become much more acidic, after two
years how will this acidity affect the living things in this pond?
a. There will be more plants and animals because the acid is a source of food.
b. There will be fewer plants and animals because the acid will dissolve many of
them.
c. There will be fewer plants and animals because many of them cannot survive in
water with high acidity.
d. There will be more plants and animals because the acid will kill most of the
disease-causing microorganisms.

Question #16 refers to a bird called a warbler shown below.

Scientists study warblers by placing small metal bands on the birds' legs. A number is stamped
on the band. This number lets scientists know when and where the birds are banded.
There are many kinds of warblers throughout the world. One kind of warbler with black-and-
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white feathers is often seen on tree trunks. Another kind with golden-colored feathers is often
seen in fields.
16. Which statement best explains how the color of these warblers helps them survive?
a. The color of the feathers helps the birds locate nests.
b. The color of the feathers helps to control the amount of body heat the birds lose.
c. The color of the feathers blends into the birds' surroundings and helps the birds avoid
predators.
d. The color of the feathers attracts the kinds of insects the birds like to eat.
17. The fossils that are found in the oldest layers of sedimentary rock were formed from
which types of organisms?
a. Only organisms that lived in the sea
b. Only organisms that lived on land
c. Only organisms that lived in the air
d. Organisms that lived on the land, in the sea, and in the air
18. In the picture of a cell below, which label indicates the part of the cell that contains most
of the cell’s genetic material?

a.
b.
c.
d.

1
2
3
4

Question #19 refers to the diagram below, showing a food web. The arrows show the direction
of energy flow. Each arrow points from the organism that is consumed to the organism that
consumes it. Use the information in the food web to answer the questions that follow.
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19. Which statement best explains why decomposers are an important part of this food web?
a. They use sunlight to make their own food.
b. They give off oxygen for animals to breathe.
c. They provide camouflage for small animals.
d. They make nutrients available to plants.
20. Each diagram (Continued onto next page) below shows the same front view of a human
heart. Which diagram has arrows that correctly show the path of blood flow through the
heart and the blood vessels leading to and from the heart?

a.
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b.

c.

d.

16
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For the following short answer questions, please write in complete sentences.
21. Describe two human activities that can lead to the extinction of animals.
Activity 1:
__________________________________________________________________
__________________________________________________________________
Activity 2:
__________________________________________________________________
__________________________________________________________________
22. Two farmers notice that some bean plants are much taller than others, even though they
are growing in the same field. One farmer thinks the difference in height is due to
inheritance. The other farmer thinks it is because some plants in the field get more water
than others
Describe an experiment that will provide evidence for which farmer is right. You can use
seeds from both tall and short plants. Describe the steps you will follow.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
Describe how you will collect your data.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
How will you conclude if tallness is inherited or caused by getting more water?
__________________________________________________________________
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__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
23. Suppose that one spring a new type of large fish was put into the pond. So many were
put in that there were twice as many fish as before. By the end of the summer, what
would happen to the large fish that were already in the pond?
Explain why you think these new large fish would have this effect.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
24. Classify each of the eight living things listed below into one of two groups according to
an important physical characteristic.
a.
b.
c.
d.
e.
f.
g.
h.

Gorilla
Parrot
Snake
Earthworm
Jellyfish
Sponge
Fish
Fly
Group 1

Group 2

What physical characteristic did you use in your classification?
__________________________________________________________________
__________________________________________________________________
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Name a different physical characteristic that you could have used.
__________________________________________________________________
__________________________________________________________________
25. Write down what happens to plants and fish in a river when a factory pours large amounts
of hot water into the river.
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
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